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"Cellular towers go undercover," Seattle Times, July19, 1996 page Dl \
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U.K. defense experts have now nl1ed out EMI from a cellu
lar phone IS a potential cause ofa belkapter crull that killed
24, top int1:1ligcnce officqs in Scotland last June. according
to the February 5 edition of the U.K.'s Sunday Exp,eu (sec

In the latest in a &eries of prosress reports. Dr. Geal'le Carlo
and othermemben of the C'IlA'.SAG reseudJ effort briefed
tepJIlSentatives of fedenl agencies at FDA's Ceotef for De
vices and RadioloBical Health 000 March 17 in Rockville, MD.
After the meeting. one attendee &aid: "Tbe epi work seems to
be prolJ'Cl$inl, but the other studies arc movina very slowly."
Another commented that. "It·s not only a question of speed,
wedon't1a1ow Whecelbcy arc going,"adding thatafter the meet·
ing, "We decided that the federa1a,CDCics needed to coordi
nate better."And atbb'thlttendeeexprased~ that. ""nK!n:
isn't enough CGlpbuis oncancer promotion studies."All those
who offm:d their views asked for anonymity.

<<<< »»

HIGHLIGHTS

« Cs/lulsr Phone Notes »
Thc Cellu18tTcteeonunooicatiomlIndumyAssociaDan's (CI1A)~1be LosADpIel CeUalar'lClephooe Co. (LACI') is paying
Scientific Advisory Group on Witeless Technology (SAG) has the Callforuia Pablic lJtUlties Coauniaioa (pUC) S4.37
deeidcd &0 defer a n:pcat of the Lai-Sincb CltperUnent which milljon to settlealIepd 'Iio1ad0D& ofcellular IOw«siting rules.
showed that 2.4S OHz radiation can cause single--strand DNA The PUC collcluded thaI. "LACf JcgowillSlY and intentioo-
breaks in the brainsof rats (see MWN; N/D94) unlil a SAO-ap- ally misled the conuniAion by fi1iDS incom:ct infonDatiol1:'
proved exposure system is available. 11ae _won~ based bat felt that the intent behind Ibc company's actions would
at least in part on a review by the Harvard Cmtel' for Ki* be difficult to prove, according to • joint PUC-LACT state-
AaalJlM' cellular telephone advi$Ol')' co1lllJlittee. However. menlo The ICttlt:ment ",. also promplcd by du: fact that tbe
the SAG appears to be ambivalent aboat wbetbcr to wat un- invesdgllion-wbich involved ISO LACTcell sitea-wowd
til • bead-only exposure system is developed or until BD iD- have required more than a year to litigate. The February 28
tetnational vaUdation swdy of the comet _IY used by On. a~livesUCi twoycm to bring itasitcs intocompli-
Henry Lai and N.P. Singh is completed. In aFebruary Sleuer IDce. Tbc cellular phone company bas also concluded aD iD- J
tothcSAO'sDr.Geol'geCarlo,thecentcr'sDr.SusanPuuwn qlJiry into an additi.onlllhrce Site~ed"~
wrote that, "n.: majority of the przr rr:viewen stated that the !CsentationfsJ to the PUc.~I$~a~
n:pctition of tile (Lai-8ingb study] should bedefemd unal an tillfs1ieienCiu.:..wlth 'a settlement of approximately ~

lq)proprialc in vivo expoSUI'C systan is developed. Then: was $7, , according to ....Aldenon.1D anomc:y with PUC's
some concern expressed, however. that this would delay the SJety aaa enforcement division. Both settlements stem frotn
prosrom and that there was IlO roason to wait before beginning a PUC inveatiplion beG'"' in 1992 to detenniDo wbcthcr col-
the replication process of the [Lai-Siogh) $tuGy..•.The ma- lublC COUlparU.es bid had the DOCCSSaty stabl md loc:al pemtil5
jority ofthe n:viewers again stated that it would be prudent to before beginning cons\tUCtion. "We suspcell:d that there was
wait until the international validation twas) completed be- a widespl'l*l practi~of not foUowinc the steps ~uimlby
fore rcpcatina the initial study. Tbcrc were also sevcraJ com- the PUC," saidAldenon. The first phase of the probe focused
ments in disagreement with this, however. There was some on LACT, the Bay Area CellularTetephone Co. (BACf) and
conc:em over whether the intenwioaal validation would be GTE Mobilnet of Califoraia. GTE Mobilnct wu fined
contributOfY to the issue and also concern that waitiD& would $343,000 for working on a site without permission and BACt"
provide uDOeCllSfary delays to the prog:nun with little added was fined S2,OOO for not submitting required pcnnit& to the
benefit" Putnam told Mic1f1WCllIe News that oo1y six of~ 11 puc. GTEMobitnd baa appealed the decision. In the second
membersof the committee-Drs. I..8l!yADdcrson. Carl DurneY. 0 phase. the PUC required all California cellularcarriers to file
Saxon Graham, Asher Sheppard, PeterValbezJ and Gary WIl- detailed infonnatioD rcgardina their comp1ilDCe with siting
Iiams-had responded to her request for comment. but she roD. TIle commission is approximately halfway throuSb this
would not say what each bad recommended.The four epidemi- portion of the inquiry. Alderson said. Some companies, in-
ologis" on the panel had not exprllSled opinions; neither had eluding McCaw Nt,,). cOm,municati:::J0w !! sublidim
the committee's final~bet.Dr.DonJUSlleSCn. Since the panel of ATclT. and Mountain Cellular. have :y settled wieb the
was fltst announced last year (see MWN. J/A94), Dr. Philip commission, be added. '·1 think that bec:ause oftbe investiga-
Cole has resianceS; very recently EPA's Dr. Joe Edcr joiocd tiOllS, cdlular companies are tIying to comply UIOfO:'Aldenon
the group.~Harvard center would notrelease irs report wbh- DOted.
out Carlo's permission, and Carlo kept it confidential for six
weeks. On March 23. Carlo IC1eased it as an anac:hmcnt to a
letter to FDA's Dr. ElizabethJllCObson. in whienbe swed that.
although the SAG would delay in vivo studies. it would rclcue
a request for proposals" within the next couple of weeks" for
in vitro studies in "multiplelaboratories." Carlo IIIUIOUJlald that.
"Our goal is to haw: the initial in vitro wack completed within
the second quuta'ofthis year." Mike"Ulpe. SAO'sspokesper
son. said that three labs will do the in vuro work: that of Dr.
Martin Meltz ofthc University ofTc:x.s Health Scicnc;c& Cen
ter in SanAntonio and two others to be selected from propos
als received in response to the upcoming request. Volpe cOil·
finned Jbat the SAG expects to have experimental data in hand
by the ~nd ofJune. Carlo noted in his letter that the interna
tional validation study" may take several yean'? and tbat Uu:
in ,,;vo work will begin" when the SAG's exposure system it
available." In c:ontrut to me SAO, MQtorola has already initi
ated a repeat of the Lai-5ingb in vivo study (sec MWN. JIF9S).

10 MICROWAVE NEWS MtlrclllA.pril,/995
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The RF ExposureGuid~Win be completed by the $1IDID~ of 1995. ' oUr approach is
based upon existing health effects information and foeuies upon well establis~ed health risks. The:,
Guidelines ofthe NCRP, the Institute for Electrical and Electronics Engineering (IEEE).1iu1 the .
Vlorld Health Organization (WHO). This approach was first articulated in the coiDmentsEPA
provided to the Federal CQmmUJ1ieations Commission (FCC) on that agency',s Proposed" . "
Guidelines for Evaluating the Environmental EfFects of'Radio&equency Radiation. To assist in
this effort., EPA fonned an~cy workgroup comprising the Food and Drug Administration ,,'
(FDA), the FCC, the National Instiiutcs ofOccupatioual SafetY and Hcahh (NIOSH). the. ' ,
Occupational sAfety and Health Administration (OSHA). and the National Telecommunications
and Infonnation Agency, ' ,

To address ~ore p~blemauc;~ncernS such as the possible impact ofmodu1ati~EPA' ,
commissioned ~heNCRP to ,conduct a two-year study. The study will result in In official NCRP '
repon focusing on the impact'ofmodulation upon me use ofspecific absorption rates (SAR.) as' a ' .. " ....... ~ - ,. . ".
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measure ofdose. The NCRP report will provide the'basiS for revision' oCthe RF Exp'osure
Guidelines. ifwarrantecl. EPA wiD also closely follow other health etfecis research. particularly
the etfons underway by ~o Science Advisory Group on Wireless Technology: '

The ccmcrm in Dade County.over cellular base stations is siJDiJar to qUestiODS we receive
from throughout~United States. typically. ~1J"J8r telephone base swlO1is have emission

o levels well below the levels iddressed by RP Exposure Guid.e1iDes pI"""td for maimer or1995•.
The Guidelines, as noted above, are based upon health effeets identified at this Ume. EPA must
await the outcome ofthc research e1foIti underway by NCRP and others before issues auoc:iated
with any as yet unidentified health effeCts from cellular base Stations can be ctfec;tiveJy addressed. -'

FuWly. your letter referred to -an OD-going EPA study [that] bas demonstrated ground
level power Cleusity measurcmClWi well below the levels which might be~'tocause either
thermal or non-thermal effects:-· EPA has not conducted any study which concluded that there is

--aleYil'it~wm:Sb=theii caDnOt be~-AOJl-thermal etrects, nor are wt aware c(iDy peer r1MBwed _.
study'Wbich.reach that coitdusioil. We do agrccrwith your observation that c:eIIuIar teIepbcme _.
base stations tYPcalbave aground poWer ciensity'similiJ:~o or.1owertJum otherRFbasaI .
teelmololPes such IS television mel~o brOadcast. : . ~,

. .

.Ist):.~Jw' '. . .
E.' Ramona TnU.m. Director

.Office ofRadiation and Indoor Ai!:

bee: P. Wagner·
.·D. OiConnor

ORIA:RSD:DOCONNOR:dh:02-22-9S:6603J:X233·9340
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POTENTIAL PUBLIC HEALTH RISKS FROM WIRELESS TECHNOLOGY:
RESEARCH AGENDA FOR THE DEVELOPMENT OF DATA

FOR SCIENCE-BASED DECISIONMAKING

SCientific AdviSOry Group

on

Cellular Telephone Research

August 25 1 1994



SCIENTIFIC ADVlSOR.Y GROUP
ON CELLULAR. TELEPHONE RESEARCH

An Open Letter From SAG Chairman Dr. George Carlo
Upon Release Of The Research Agenda On Cellular Telephones

August 31, 1994

Dear Colleague:

As Chairman of the Scientific Advisory Group (SAG) on Cellular Telephone Research,
I am pleased to present the following research agenda for the research program on
ponable cellular telephones and other wireless communications instruments. The
agenda, which includes the input of more than one hundred scientists, academics and
federal regulators, has been eighteen months in the making. To ensure sCientific
rigor, the document has been SUbjected to a scientific peer-review process
coordinated by the Center For Risk Analysis of the Harvard University School of PubHc
Health.

Potential PublIc H_lth Risks from Wireless Technology: "'...rch Agenda 'M
tile Development of D8ta tot' Sclence-S••d lJfJciMonmaltlng is a blueprint for the
development of health science data on cellUlar telephones and other wireless
communications instruments. As we gain additional information, through additional
scientific input, new technological advances and the reporting of research results, the
agenda will be continually updated.

I would like to take this opportunity to again thank all those who offered advice and
guidance to the SAG over the past eighteen months. As we move forward into the
Implementation of this scientific program, our goal will be to identify any public health
risk associated with wireless instruments and to suggest the best course of action to
mitigate any such risks.

George L. carlo, Ph.D., M.S" J.D.
SAG Chairman
Washington, DC

1711 N Suect, NW. Suite 200. WuhiullOD, DC 20036
(201) 833-2800 lelephOllI! • (202) 833·2801 !flCSirnilc
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Has appem:d in Appendix S ofPotmUel Public Health Rieka From Wireless Technology: R.aean:b Agenda for the Dcvclopmem of.
Data for Sc:ieace-Based Decision Making, August 1994, pub1iabed by Scientific Advisory Group on CellulllT TcJcp'bmte Raearch
(now Wireless Technology Researcb L.L.C. 171l N Street, N.W. Washington D.C.) tel: (202) 833·2800.fax:(202)833.29891
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BRAIN TUMOR INCIDENCE IN RATS CHRONICALLY EXPOSED TO DIGITAL
CELLULAR TELEPHONE FIELDS IN AN INlTIATION·PROMOTlON MODEL W.IL
Adey', C.V. ByuS1, C.D. Cain', W. HaggreR", RJ. Higgins·'. LA. Jones'. CJ. )tca", N.te...., A.
MacMurray"', ].1- Phillips', R.B. Stagg"" and G. Zimmcnnan". 'J.t.p~Memorial 'Veterans .
Administration Medical Center. Loma Linda. California 92357, USA. JUniversity ofCalifomia. RiYenide,
caJ.ifomia 92521. USA. 'University ofCalifomia. Davis, California 95616. USA. 1..omaUndaUlllvmlty
School of Allied Health Professions, Califomia 92350, USA. 'Central Technologicallnstitute" ZUrich.
Switzerland.

Risk tatios > 10 for malignant brain tumors have been n:pmted in microwave workers after20 yurt .
occupational exposme in envirOnmems with electronic solvents or soldering fumes. PoftabIe cellula' pbaneI
pI'OCluce near-fields at the usen head with surface incidentcnetgles around 1mW;te:m2iD die BOOMHi· .
specrmm. Digital phone systems, replacing older PM technology. operate in a pICket mode, plOducin,pulled
fiekls at the user's head (Nonh Ameriean Digital Cellular (NADC) standard.·501sec,33~ duty c,c1e). Body
tissues absorb up to 4()CI, of !he radilted·signal. . '.
OBJECTIVE: Since lhismodc of pmonal communication is expected to be life-long, it will be impOlUUl to
evaluate.possible brain tumor risk in suitable animal models. We have tbe!efme soogtJl evidence ofInin .
tumor promotion by digital phone fields i.n rats cxposed to a single dose of the short-liVed aadnopn EMU 1ft
",vo, and d1cmlfter, exposed intermittently to digital phone fickls for 24 months. (Man life span 26
months). Low ENU dosage \\'as selected to givc maximum sensitivity to possible tumor promotion by phone
fields over the lifetime ofthe animals. . . . . .
METIlODS: We tested an 836.55 MHzsignal with a 3:1 multiplcxcd TDMA (Tune-DivisicJa.Mu1dp1e
Access) modulation conforming to the NADC standard: Pregnant FISCher 344 raIS wCftlI8Ddoml,. BiIDed to
4 groups. They m:eived either a single taiJ-veirt injection ofthe~gen ethyl niU'OSOUft:a (ENU,.cmpg)
or inelt buffer solution 011 pregnancy Day 18. Far-field exposures (liom Miator, 836M1lz'cilcullrty _
polaril.ed). began 011 Day 19 aiId continued after panurition until weaning Itage 23 days. .~ (D =236)
of the 4 maternal groups then became tleatmcnt cohons: 1) ENU/Field (EI')" D::o:56, 30M, 1)'
ENUlSham (ES). n=60. 30M,30F; 3) ShamlField (SF). n=60. 30M, 30F; 4) Sham/ShIm ( ), n=60,
30M, 30F. NCaT-field exposures simulating uset's head began • 35 days. and continued for die neat 22
months. 4 days weekly. Exposures were for 2h daily, field-on 7.s min, field-off7.s min. Far-field time.
averaged SARs (modeled): pregnant dam (uteros) O.3WIkg; fetus (brain) O.2.9WIkg; iso1Med pap (bnlD)
0.03SW/kg; young rat (brain) O.l3W/kg. Time-averaged near-field thermograpbic SARI: llqei'males,
0.7SWlkg (l.OW/kg localized maximum); smaller females. 0.58Wlkg (O.7SWlkg localized maximum).
SUlVivolS (n = 182., 77~) of the original 236 I1IlS were sacrifICed 81 -age 709·712 days. .
RESULTS: The TDMA f"teld had no enIwlcing effect on incidence. type IX'1ocadon of&pClIltIDCOUS ftCIYOUS
syaem tumors. Ate~t tenninaion, the TDMA field ~ared to reduce lnddence OfInill1N6an
gUal cell twnotS in Group EF vs Group ES (4 Viii 13). The TDMA field also appclUallO mdace inc:idence of
spontaneous glial tumors in Group SF vs Group SS (2 vs 7). Tumors inex~ rats wen: smaDer la
volume. There were no gender differences in tumor incidence..In rats not surviving to run 1aII1 (n =- '4,
22~).the TDMA field appcami to prolong latency of appearance of both spon1Bneous and ENU-induald gIIIl
cell tumors., but di.d not alter histological criteria ofmmar tYPeS. In comparison of surrivalrares, c:cmsi8&att
nonsignificant differences were nOled between groups throughout the experiment: higher death rates were ill a
progression SF-SS-EF-E8.
DISCUSSION: Small experimental numbers emphasize caution in interpretirtg these data. However" an
findings are clear and consistent in showing no tumor-enhancing field effect. Our experimentdesign IIId low
ENU dosage were predicated on a promotional field effect. Theref'ce. apparent "protecdve" field dreds do
not gain swistical suppon. ENU has a brain half-life of 8-10 min and causes Urewrst'b1e alkylllion ofDNA
0-6 guanine. Ionizing radiation at die lime of rat ENU dosage has been reponed tdreduced brain a:IiaI cumor
incidence. Consistent with that model. an intetpretation of this study may suggest an action ofTDl.fAfields in
mechanisms of DNA repair. . :
This study was supponed by the Motorola CmpoIation. .
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;HLIGHTS

Jcvcloped 1atI:r", i.moreeffc:c:tivc 81 restoriDg DOrIDlII sleep
somniaa without causing drowsiness."
(bile i[ is 110[ clear how LBET works. Puchcs~~
:he lianalt c:ould affect the release ofchemicals )jnlted to
J, iIlcJudilJg calcium and melatonin. The patentcites work
~ ill the 1910s by Dr. Rosa Alley of the VA Hospital in
aLinda, CA. and Dr_ Carl Blackmanoftbe Eovi:romDental
:cti.onAtpq in1tc::lelrcb'nianslePark. NC. on tbc IIlOVC

t ofcalcium ICrOSS the cell membraneby ELF amplltuek>
uJaIed RF radiatioD.
'Whether different waveforml and frequencies affect hu
sleep clifCa'=dy will need to be assessed in otha-stodies,"

;he cautioned.
.ndecd, other typesofsignals could bave a DCBaaveeffect
lccp. Por iDs~.a papet published earlier this yar by
.Klaus Mann lIDd Joachim ROscbkc of the UDivcrsity of
IlZinGermany fouad that sleepquality acmatly deeriondI:d
IDI those eltpolCd to pulsed microwaves mimickiDB sig-
o from dlliraJ mobUe radio telepbones.' These rcsulB wac
t 81lnouncccl two ye-s ago (see MWN. WJ94).

1. BcJrQ r.:Ilc d .... ''28i:cIaalLuwEllaIJ P.IIIiIIIGIlTbenpyiDCInDie:
..~ Juogia,'" SIHp. J9. pp.317-136. 1996. see aIIo 1M
~b)'P""dal .. "DiepDUll1IIIlI ...........or..........1IfIWBII
,ItMdJOIf'Wltl("'''. m. pp.416-417.Aa&-t 16, 1990-
2. 0lIIII c:lll.. -MetbocI far ApplJiDI Low B8aJJ EmiIIioIl n.:tapy,"
UrIIIIlISttIIu""", ND~.50I,704,Mm:b Z6. 1996. PIniouIy,~
...atdl'ded tbc foUowiPIlJllllelllS: CIlImlIUaI et aI.• "MeIIIDcl of1nlllilll
NearvvqIltIIift1liIonMI_~~,"lhU"SMIu 1'afn4
No.4.649,935. MardI 17,1917;CbmaiIIolctlll.. -Mc:dIodafTftlIIiDINcwo
vqetabve DiIOldm IIIIlI Apperatu nelefar." Ulllrn Stili., PfIInt,
No.A.1I5S.322. AucIIIt 23.I988;..sa-cd.a.. "Method ID4S,-. for
ApplyiB, Lo_ J!aetIY Blilillioa 1'bcrapy." U,,;I.tl $1GU1 ".,..,.
No.S.441S11. AupIt 15. 1995.
3. Dhld AIIlIfO .., BcD.... "AD BvIIDaIiaIa~die SIfI&)' 01 Low Ba
IlI1J BmiuiGIllblnpy."c..,~~ 19. pp.2.4~247, 1993.
•. Jca-Plan LebIc .....~CIIIqu PvDowiaI
J.-I!IaIqrEdillicla......" cfBVn .eeI.........24, pp.Q&.
~.1_ 1996. Thisil ;".af 1Iady; M...eul~ .......
.....MKtofLvwJlnlqyI!lailRaa 'I1Iedpy.- ",..~,CI.J~.

pp.67-75. 1*.
S. 10..Mua IIIlI J....b1c", "BtIIctI of PIIIudHisb-F~
BI~ Fi81d1 0It HlIIPaaSleDp,"IH~D 1J,"Al
47.1996.

crow.ve eJlPD'UlIl wu fourbom.s. week.
Pour poups ofuimals. eKb with approximately (j() fIlS,

wte used in the~iment.Prior to exposureand Mule JtilI
ill1bcir1DOIhen' wombs. two srou..ofrm were BivcD a sin
lie doscofrbe gutiDOgan ENU. ODe oftbe BNU 8roupt mel
ODeofthe can:iDogen-fnle poops wa'CCltposCdeomicrowaves.

Only fouroft1JerIllS_wenI doledwidt bothENUadmi-
aow&YCS developed bniaor spinal cord tumon,. c:ompared
to 13~ IbeENU-onlyrats. SimilIdy.lIIIlOIJIbtwo JI'OUPS
ofBNU-m:cnat thrR wa'C ODIy two_ with~ DaVOUS

system tumonamcagtbo5eexpoled to tbc GC11G1arpboaer.
boll. IS compared to scwen ratI nons tbore that WG8 not

Adey's IIlIUlIS III' I mixedbIeaiDI forMoaolaadblat
oflhe ceUul.pboDc indumy.lICCOIdiag to aile observcrwho
ubdnatbe identified. "The.Jr: lUC two iDlcrcstins points." tbe
SOUI'Qe CDIDIDC8tCd. "OP tbc ODe hand. the data indicate tMt
there wtJ.r at interaction between the lab ad the TDMA sig
nal. applnfttly a protecti-ve effect. But. 011 the other baud. in
!he absence of I mecbanilln to explain this effect, we QGJIot
assume!bat!heR will be alimi1arraponllCfor otbcrpower den
sities. ocher' expasuns regimens ud· other l'lIdiofnlqueac .i8~

nals. The take-home lesson is tblItmanY more expcrilllCDtS iR
needed tobetW~bowmodulated "ucrowlves a«ect
livina 1Y1tans."

A seamd animal study using frequcncy-modu1lled (PM)
micmwaves IIimi1artotboaefromllll1ogee11u1arpboDes is ncar
iDS completion at Adcy's lab.

Also ",orkin. Oft the uimal studies were Dr. Cmig DYlI$
of the Univenity ofCalifornia. Riverside.. Dr. Niels JCoater of
the B'I1I in Zurich, Switzerland, and members ofAdey's lab.

A. ,pokeapenon fat Mototo1a declined to comment OD

Adey's P!lUD befoo! tbey are preseDrcd at DBMS..

Surprising Results in First Cellular Phone Animal Study:
DlgitBI Signals Appear To ProtectAgainst Brain Tumors

Could Uling a cellular phone actually proIIeCt you fmm cit>
M abrailrtumor?This isa possible implicadoD ofaluIln"cxpasum study by Dr. RossAdey oftbe VA Hospital in
111. Linda, CA. Adtey fuuad IhalI'8l5 exposlld to miaowave
iaIiondeslgnr.dtomimicsipaIs fromawptalphoneJ.ifewer
IID18Uercr:ahl DCI'VOU5 system tumors1baacontmllDima1&.
''One Dlaylpccn1&1lC that die digital microwa-ve sipals may
incIeasin8 the efficiency or rate ofDNAno.pair, or perhaps
th," AJky told MiCJY1WtM NO's. Hewas quick to poinlOUl,
wever, that his study wu desiened to telt wbethcr mien>
,Yea an tumor promolClS, 10be could not mate any deduc
ft. about a possible beneficial eft'ed.
Adey will JRSCIlthis resu1b on June 13 at the 181" AnnlllJl
~of'1uIB~etic.rSoday(BEMS)in VICtOria,
lIUIda. The five-yC8t study wu sponsored by Motorola Inc.
RatsWCRCltposcdtDO.S8-0.7SWlKg, 836MHnadiarloD
lsed to matcb the NortbAmerican Digital Cellular studard
type ofTDMAlilnal) fur two bouI1a day. fourdays a week
r23 months. DuriDB the two--hourexposdtC period. the sig
,1& were turned on or offevery 7.S minutes. so the total mi-
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THE BIOLOGIC 'ACDON AND. In'tmNlc.SlGNIlI'ICANCE 0Il"
ELF.CTROMAGNE'llC FIELDS. OJ! SUPERIIIGR AND ULTRAHIGH

FlU!:QUENCIES "IN DENSELY POPVLA'l'ED AREAS

I
i
I.

'I
i

I
I
I

', .. :. \....:...': :. ~ {{t;~?: .
. '. ";)'''!~If:'

":'-""~~~:
"··4.·····1' I

:~It
..... :;::.\.y~.

J. D. Dum..,lci/ -.41 M. G. ·&matl_ '.: .f::,th:·
jl' . : ....~o;l' ..

A. N. M.~ Kiev SCieotific a~h lJIItitute of Gcfteral aadPahlic lIyJI-.. USSR : ". ·,.\t~;J~

. . . .' ' .• ". ;:'.:'..>:\\\. '
With the powerful development bf tIlIe¥isiao. radar. rad~ and 'ndiO; .',' '. ·:~~t~~i

mcteorololY.bBicailtl arc faced 1rith a number of tukI, one of wbieh ia tile ""IIIIM! :,;..'. '.fi·~·····" .
of enIII'IY of ultrahilb' (UHP) aod taperbiah (SHF) no... in dIueIy inbabltecl · . './;~;""~ ..
UnlJl reeentJy tbISa IUPS of rad.io&equcac:iet wae j~ted '" by otI1r :. ~ ;~A1~
from tbe point of vi.., of IDdustrial hYPoc aDd occupatiOu.t tt , wbUe the .'. , ::;~.

problema of the biolOilc actioll and b)'lkmic sipificqce of UHF aDd SlIP raIIP'o :: ~,:«~·r
in relation to publj~ bYlicnc, rcmaintd iDlUffM:iently cJuc:idated. TakiDI tbia _ '::..::,:,;:-~~'
acc:nunl, we pcrfonned _pocial ;nvcsti8ationt both on the diltrihatioa of electromaaae* ':'. ..:~:~. ~
enerIY in th~ UHF and SHF ranees undet modern utban.~tiODt and on·the b1oloIic ...~;. L;~:
effects of thIS ellerEY. .' . :..... : ..

Rnulb o( these in..uptiOD$ showed that at lites ..... televitiOD ttuIIIUL~ Tv .... '. ';' ~~:~: .
'links and radar ltationa are placed. thcintenlity of~ CIlCI1J ~ Diucb!.( <....:::.~
hiShet dlalt tbat of. the earth'. bacqround and. coven a wide I'lUIICt cIcpeodiq On tb8 :. ;;..:.'~ ..~~I"
capacity of the emitters .ad the distance from radiatinc .... Caob!nDa). Bfectro... ; ....::')pJ..
macoetic CDCl'D of various lotenaitiel penetrates miDI,. adniIDIltrati¥e and'otlwt buiJd.. .'.<:,.,;.~~: ..
illlS located in u.e.oity of the sources of radiation. . . ':'::.'i"".;J. .

In order to .... tba bioI. a~ion of tbcl dllfillCd. intaIaIu. of.~. .. ....;: ....... 
aergy, as well as the bypenic importaftal of sucb ndiatiOll in....,. popuIamllClUi,; ":,.'..'. ~;>;: . .
eJtperimenta1 ItudiI:s OIl animals were CODduetecl IIlwItiptioas .,. pedonncd· in· .:.: ...~.~.
shurtened. waw ples. within the ultrahip. fttqlJaq' ruse (waw:leqth Gm) at tbII fol~ '.' ·t~·t "'. "'
lowing power demit..: 10, 1.4, 1.9.0.06. 0.01 and 0.0006 p.W/r:mI. Witbia. tbe ranee : .,.:.... ::.~,
of IUperbilh frcquenc;ia, inadiatiOD was carried out at a dj,tanI:e which COfnIIPOnded . ". ::·;<~t~':lj,
to the fonowing~ densitiC$: 10. S. 1 and O.5p.W/cml (COIltlDuout pneratioa,12.- ." ,.:~~~j;I

wa~lensth) and 10, 5, and 1 pW/cm'- (pulled JODentioa, , an waftlen&th. put. du· :' : ..;:~'7~~~
ration t - l·J'MC.and 1000 and 20 put., per ftCOnd): . . .' :;.']li-ofl·

In "ddltion. using the pulsed rcsime of irradiatioa. the MovemCIlb of' the radar .. ' X:·'.ttl'l
antenu were imitated. with a bcarP angle of Z· aDd a rotation fnlqtJenq of 10 re- '. ..:.'.~'t'.
yolutiom per minute. . . ' ' ·:t~s;.\,

The computed iateDlities ..,.. dose to thoR eDClGUlltezed in ....~tto"· "::~',.~ "'.
. vi,ion transmitttts, links and radar systam. ..' 1'.'\' : :',::.l:,t...;•...

The intensity of clectromapic etlel'8Y durinl experimeD.ts. was Q)IltroJled ~ .':". ?}/~ .
.JE.MP·l and PTSH·SA instruments for tbe UHF ranp and PO-I ("'Medii.") tortbe ..',. '.: .:"~1
SHF r;mze. . .. -:'~'"

Investigations of biologic effects for the UHF range were COIlchlctecl on 128 white :.~.. ';'i"~~" "
....ts and 2.8 rabbitl. and far the SIIF raDBe an 100 white rats -..4 ~'1 rabbitl. 'I'he aai- ; .•.;. i;.:.g:.·.;<r.· .

. . ",: :".:o ••,~~~.., ~t1. ",~.:.:~.:~:.~:, .
..>.', ~ ·:·:·~.l{t.;:·~~l....:. ,:,~r~:'\ ..

.:~.::~\.~'::~~.'~;

. ' .
... ;.' - ",..>;';~";':~~,';£~~'':~~:',:, .
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Table J
.'. CbaD&ci ~ bicIGw'ralta iII't!at braiD c:urtex 01 rabbitl u'nd. &be iDf1ueace 0( elcetmm.aplic
':' ~ofUHPr__

. .

" ......
. :,,"'!: : ...

"

. . '

. ,
. . 't.

. ~;.aJ... .•.. ~.'•.4, " . .. , p, ' ..
" .. ,,-- . , '\' "': ..' .. ',_ t. •

',;" .

Gtouplof ~ ,
Periocl& 0( aJUDination

. NIiJbaII
1 days I 10 day. " 30 clays , 60 daysuct [io1cl ~ , Befoto 1

iDle" reali I imwlialioD lalCr later' later lae-r

Group I- 1aow 2LI):J:1.8 11.01; J.8 6.o±U 17.o±2.9 SI.:±S.t .'
10 Jl:WJctn- mler-

IDIICIildG ~.1±l.1 :U-U.H.I :!4.S±2.1 54.1±3.3 11.l± 1.9
faa, 2U:I;O.6 SS.o±~.8 72-0± l.'1 29.11:0.7 lU±3.1

(irQQp n Slow lCJ.;)±1.S It..5± 1.0 16.0j: 1.1 " l'U±2.1 S2.0±2.7
J:9 ".W/_- iDler-

3I.1i±4~'. ..-.. 66A±3~ n.o±3.l 46.0:U.5 . ""o±u.
OIl 14.1:1;1.6 }6.S±1.5 ....A)±!).7 2U±4.6 9.2:t:2.)

thoIIp DI SloW 11:7± 1.4 I,.o± 1.6 17.5:1:1.'· 14."% 1.1 22.3:1: 1.4
0-01 ",W1ctA2 illler·. DICdiaIo 1O.2:i;O.~ 10.o±:!.2 '-.S:i:2.9 6U±2.4 65.0±2.9

fall JD.S±O.p. 1I.O± J.7. 14.1l±U U.oU.7 11....±12
cGDtntil Slow 17.1:1; 1.4 lU;1:I.4 14.1±0.1 . l<U±D.8 }6.oJ;O.4

1olcr- ..
mediate . 6S.1:!:.2." 67.l±2.4 6U.:I;I... 10.7:1:1.8 ""'±Q.~
fill 16.6+ 11 .16.6±U 11.u±2.0·

I
-JSo&i~ 1.9 l'.2:to.7. ~.

J. D. DM""""kiJ ~d 1/1. G_ JMtI." .' .
mala ... irradiated daily. for lo-J1 b w;tb ~M.ptic oacciY in tbc UHF ruse
aDd '?r • b ia ChI: SHF RQ&C. For och faDp and each iAtcnUty, the dan1ioo. of the
txperllDCllt amouoted to 180 daya (120 daY' of irradiacioi! and 6() days of follow-up). .
... Tbo I'eIU1Is IbpMd tbat the action of the _ttomacnetic field both in the UHF aDd
SHF naps dudac cbc fb1t 10--12.)'1 of irradiation resulted in .am. cbaDaa lIlUle
...-alilatus of tbe orpaiJm. Withi~ this period die aqjmaJs were IOGJiIlWbat e=tcd
aacI. reacIcd to·.1ritehioc·OIl af the =ttomqDctic; lick!.
.n- fincIinp subltal\tiak4l U1e notiOQ lhat... a I'8IWt of tile aetiOll of die electro
maptk: 1QtrIY.' ceda;a cbanaes in the cealral aenoua I)'SCeaI wen: c6dtecL .ID. order
to detino lb. Cbanps more c:lOlCly, iDvatiptioDa of the g)Dd1tioned reflex activity of

~ tho aaimal. we.ro performed. .
TbeIe cxperJalcnll Ibowed tbal. UDder the ae:tJoa of UHF and SRF fields. 5:et'tain

p,rJoclie dwlaes appeared III tile conditte.d reflex acUWty of me aoinWs. On 1M
• WboID. die IatAt period .. Jonaw....fIn reacuona to positive sdmuU weatcacd. aDd

tho. ~wnber of tbOIC miamr iJacr'ea.ceL All thi. "aa evidMtly IPOIU*ted Witll the do
Ve~.of~ iDblbition rclafod to impajnnIIl\ of DCl'YOUS ~vi1Y. and
lcadial \0 patbolo&ic IQlnaliOJl aDd iMrUa. The ialllUsities wbic::b prod&Kcd staWieauy
lipifk:aat cbaQJCS were l.9--JO .,.WJJ:fQf. and .S-2Os&.w/ema ill the UHF UlCl SHf
...... rcapec:tively: ;

Thcie clara were IIIpptemcalcId by ~oarapIW: studiGI cood&al:Ud on
rabbib. TbD d)'lla81ics of c:banps in the central QCrYous tJS'Cln were asscacd. u l'C-

. . fI:Ic.tod in bioelccUiC as:tMlY of t1'e brain cortex. The retu.ks daowed &bat in tbe
in_iiired nbbi&a the .etioa. of clec:Cromaaactic euetIY elicited some disJW'baJas· in
rdIliaaa botweea tho potential freq~ aroups of the COI1G (Tab. 1). At ~.baliDll
iDa .Cl-14 days). u:UviJion of the biOClm'Onb in the blain was oblervod. tatifyiPI

'·1j·~..• : .::' .~'.J .j.' .r~~" ..' ~·,.t...~.· ..~·~·t·:·: :; '. ',.
·"i.':f1"'i..:: " '~' ;:'" " -
.,. -.lIii ••'" .' '.' .' ; ',~ :.
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0.019 0.0]2 0.0'" O.Ql5O 0.018 o.m 0.040 0.047 0.021 0.011 0.012-0.D23·

. ..' ... <':?,:;~;![
TIr~ BfoIflJic Amoll ..II H,,~.'e SI,rtiIlNIIN 01 E1ee,'o~'c FW.h . :. 291· ":; :~~t~r

to some increase in the adCation ~. With increuina. d~tion .~r nposuru au . :. ;:.':" /~~~
initial stap of inhibition devetopecl, characterized by sync;hroaJiutioll of the cortiea1' - j'. ;...: .f;i:
mytbms. Thus. upon proloaaed irradiatioo, die strensth of the prOCZll or jtlhibition' ". i";71~ .
within the brain hemisphere cortex was appreciably Iocreasocl. at evideac:ed by. the '. "::";:',.'
appearance of flow rhythml in the eJectroencephaJoarams. The oblerwd dian.. ,'. :,:;.,. ;..:~!i
in bioelectrfc activity of the brain corta of rabbits conftnud pnlVjQUl1y nporfed ..... '.. J.~,.:",J.~.
fults of ftudia on cOllditioDed reflOJl. activity of anim.... and Ih~ that eleCtro- .....:.:::j~
magnetic tnerey jn. the UHF ranp: and O.()6.;....IO tJ.WIQrlt intensity, as _t in the at' ." (~.~·:~t·
SHF ranp and 5-20 fLWIeml intenlity, was indeed acti;n biolOllCaDY aceantinc to the ..''.- ..:.... ,;' ~}.~ .
results of statistical analYlis. ' .>- :;~: ~:? .

Bearin, in mind that clcetromqnetic fields of radiowaVtl act predominantly CJIl'--' ·:.' .......!;t~
the central nervous 'YStem, our bioc:hemical atudies coau:entrated 00 thole iDdic:&i0l'l '. " .'j;.)}
which directly or indireclly cbatacterized the f~tiona1 acti\lity of the. nervous 8)'It2inJ .:. ':;~'.:,;f.;
Such tats in our investiptions included choline.tCfQC activity and sulphydryL (SH) ...~..•'.~~1.<
groups in the blood. . . . ;-'.\::~

These experimental i~tiptions mo.ed that ~om~~.fJetds in the.UHF :.: .!.~\~!
and SHF ranps appreciably lowwecl blood chohncstera. aetMty and qu.ntlly of . ; , " " .:,,~~

SH &roup' crab. 2 and 3). It could be noted that with il'lC:ra8ina duration ofex~ . .':. ;:~.'.~~'..
to the field. inactivation of SH lroups in the blood also incr-eutd. It could therefore· '.' .~.\:.

'be assumed that a lowered activity of both diolinesterue an~ SIt lI'oups in'thI .' .: ,:,,~~:~~~
blood. as induced by the action of UHF and SHF electromQQtllic .eneraY. resulted . ;r';;'''':~':ii'
in impainnent of the biochemical mechanisms which ensure thi norfhal eounc of . .
nervous processC:! in the animal olPftisln. Such was the likely explllJation of the .
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electrOO'lquetic: fieldl in tbe tIHF and SHF ran... to be such uofavourable 1timuIi. Tho
lesions oc:c:ured in animals imdiated at powa' densities of 0.0C5 to 10 and 1 to
20 p.W/etnl with 'UHF and SHF e1ectromllftctic: fields, nSpectively.

While invcsticatinS the biotope influclU:C of elcctromapet.k fields in the SHP ra.np.
we tried to dcfiac the ac:tion of this factor upon the tndcx:rine 'YItaD aad took as an
example~ thyroid &land. 1ft ordel' to a$1CS the functional status 01 the thyroid, use"
made of the radioactive iodi.,. indicator IMthod (uptake or ndiOKti\'C iodiDe by the
tbyr.oid "and) and the me\bod employinl ml·thyrmine. TheM: iQ..-tiptions abowed
that under the influera'of SHF fields of 10. S and 1 poW/emf. PO'AW daWty, t1le abi· .
lity of the thyroid gland to ccmccatnte ractioaaive iodine,... increased: the maximum
uptake amounted to 48.0 ± 1.88 at 10 IJoW/cml• 5l.2 ± 4.03 at S ",W/r;rnl,aad .
~l.l ± 6.0 at 1 tJ.W/an!. as compared with 28.3 ± 3.38 ib CODtrol uUma1s. 1'bis •
testified to the fact that SHF~IY induqclointlWifkation of tbyroid fuactiOD. TaJdns
Into aa:ount tbat the thyroid eland bas a reau"\Ory"inPUCI1Cll Oft a number-of fuDctiona
of the organism. one could imagine that an jncreue hi its activity·"~duced a uumber
of undesnble changes in the orpnism IS a whole. •

The above investigations were aa:ompanied by studieS on tbe "morpbalolic cmnpOai
tlOI'I of the blood. It was found that cla;tromqnetic ener.)' jn the UHF and SHP ranges
"used an insisnificant decrease in the nmnber of leukocytes, eosinophilJ and retiOlllo
q-ttl; senne tend8llty to lowered erythrocyte and hemoglobin values wu also observed.

Bcarin& in mind that elec:tromacnctic fields inOuenc:e sen.rat metabolic processes.
'ft perforrtJed JnvestiptiolAl on the effects of thil factor on nax:Jcic acid metabolism.
Results of these investigations showed that the factor under study induClOd. .. atatisticaUy" .
sipific:ant increase in 'I:'e RNA and DNA" contcut! of tbe sp1eallllld liver of the anim.aJs
(sec Tab. 2). Il is 4iff"lc:\llt at p"*nt to oplain these findinp. To solve this problem,
sped.I investigations will be needed.

In addition. we 5tudied the influence of clectromqnetic ener&y in. the UHF ran..
upOn earbohydrate-phospbDIW metabolism. 1'hI!se Jftvestlplions ,howed tbat a pro-.
)onEed exposure to a" field of 0.06-10 tJ.W/ctn2 intensity teAJlt1ld in cSisturbauccs of
IJycopn metabolism, i.e. a reduction in the glycopn «:ontent in the Iivet' due to in
cnascd phosphorylase ac:twity aa:ompanied by simultaneous accmnulatioo of lactic
acid. -At the a.me time a marked inOuence of UHf fields on oxidative coupling
aad phosphorylation procesaes in rat liver mitocbondria was detected. Lone-term ir
radiation Jed to a fall of phosphorylation and oxidation functions of hepatic mito- .
~hondria.

The bioloCic: experiment~ were complemented by histomorphoqic .tudies which
showed that the lc1ions whk:h apPAred undQ" the inDuence of cl.ctroma&nlltic eDa'1Y
in the UHF and SHF ranges took the fann of dystrophic c:hanps .in the bnJa, flvcr, . .. ..
spleen aDd tCites. alons with impairment of blood circulation, The severity of thac
changes depended on the intensity of the electromagnetic field. More pronoullced cban~.

IllS were found in the orpns of animals exposed to relatively bilb int8lllit1a. r
AaalY5io, the results of the above experimental illvesti.atioas. it IhouId be Doted

that prolanced action of eIed'omqnetic: encr&Y of low inlentities in tbe UHF aDd
SHF nnges relulted in appreciable cbanges in tbe p;neral statui Of the orpnism. ~n·
ditioned reflex ac:livi~. bioelectric: aetiyjty of the brain cortex, a number of biochemical
parameters. blood composition and morpbolORic ItructuTcs of the tiss1JeJ ahd Dl'laftli

of the aailnllls under ttudy- The bivlo&iC41ty IIQtlvc: iDten,ilies of declrornqaetic: fJc:lds
~ 10-0.06 and 2O-S IAW/eml .for UHF and SHF nnJCl, respectively.


